Introduction
============

Over the last 2 decades, replacing the palpating fingers with an ultrasound (US) probe has resulted in an epidemic of thyroid nodules. Sub-centimetre thyroid nodules are not usually detected at palpation. In comparison, high-resolution US accurately demonstrates nodules as small as 1--2 mm. Hence, the prevalence of thyroid nodules in the general population goes up from 8% to 76% when evaluated with US instead of clinical examination^\[^[@B1]^\]^. Even at autopsy, the prevalence of thyroid nodules is high with multiple thyroid nodules seen in 37.3% and solitary nodules found in 12.2% of random autopsies^\[^[@B4]^\]^. Thyroid nodules are ubiquitous but thyroid malignancy is rare with just 1 of 20 clinically detected nodules being malignant. This corresponds to approximately 2 to 4 cases per 100,000 people per year, constituting only 1% of all cancers and 0.5% of all cancer deaths^\[^[@B5]^\]^. This justifies against the use of screening US for thyroid nodules in the general population. Controversy exists in many areas of management of thyroid nodules, including the most cost-effective approach in their diagnostic evaluation. Practice guidelines from several expert groups such as the American Association of Clinical Endocrinologists, the American Thyroid Association and the Society of Radiologists in Ultrasound attempt to address them. However, there is still a lack of consensus on certain key areas.

Evaluation of thyroid nodules
=============================

A thyroid nodule is defined as a discrete lesion within the thyroid gland that is radiologically distinct from the surrounding thyroid parenchyma^\[^[@B6]^\]^ ([Fig. 1](#F1){ref-type="fig"}). Pathologically, they are classifiable into 5 types with distinct histologic features: hyperplasic, neoplastic, colloid, cystic and thyroid nodules^\[^[@B7]^\]^. Fundamental to their evaluation is differentiating medical from surgical disease and identifying the odd malignant one. Clinical information may often give a clue to this. Nodules increasing in size are suspicious for malignancy, but lesions with rapid increase in size over a few hours are likely to be haemorrhagic. Haemorrhagic changes are more commonly encountered in malignant than benign nodules^\[^[@B8]^\]^. A benign multinodular goitre (MNG) grows in size over the years but malignancy typically grows in weeks. Rapid growth during levothyroxine therapy is especially suggestive of cancer^\[^[@B2]^\]^. Abruptly appearing large nodules (\>3 cm) over a short duration of 2 months or less have a high probability to be lymphoma, metastasis or anaplastic carcinoma^\[^[@B9]^\]^. Even thyroiditis can cause rapid increase in size but the ancillary findings usually enable the differentiation. Symptoms from mass effect such as airway compression, hoarseness, and dysphagia are more often seen with MNG. However, if these symptoms are seen in the absence of MNG, invasive forms of thyroid carcinoma are likely. Most of the well-differentiated thyroid carcinomas (DTC) are smaller and are unlikely to cause alarming symptoms. Figure 1.Any lesion within the thyroid gland that is radiologically distinct from the surrounding thyroid parenchyma qualifies as a thyroid nodule. (a) A large nodule (arrow) in the right lobe that was palpable at clinical examination. High-resolution ultrasound can detect much smaller nodules. (b,c) Longitudinal and axial images of the same lesion (shown by arrows) that measures 1×2 mm in size.

The best initial laboratory test of thyroid function in a patient with thyroid nodule is serum thyroid stimulating hormone (TSH). If a patient is not euthyroid, the diagnosis points towards a benign functional disorder, such as Hashimoto thyroiditis or a toxic nodule. Hence, TSH assay may be followed by measurement of free thyroxine and tri-iodothyronine if the TSH value is low; or the measurement of anti-thyroid peroxidase antibodies (TPOAb) if the TSH value is high. A hyperthyroid state with low TSH suggests a toxic nodule; hypothyroid status with increased TPOAb indicates Hashimoto thyroiditis. A single, non-stimulated calcitonin measurement can be used in the initial workup of thyroid nodules as a marker for tumours of parafollicular cell origin^\[^[@B3]^\]^.

US imaging and documentation
============================

High-resolution US is the most sensitive test available to detect thyroid lesions, measure their dimensions, identify their structure, and evaluate diffuse changes in the gland^\[^[@B3]^\]^. We scan the patient in a supine position with the neck hyperextended. A high-resolution probe of 10--15 MHz is used. In the first stage, the shape of the gland and the size of both lobes (3 dimensions) and the anterior-posterior thickness of the isthmus are measured and the continuity of the thyroid capsule is confirmed. Lobes up to 2 cm in thickness are considered normal and greater than 2.5 cm is deemed enlarged. The upper limit of normal for the isthmus is 1 cm. The normal thyroid gland is uniformly echogenic relative to the strap muscles of the neck ([Fig. 2](#F2){ref-type="fig"}).Thyroid nodules are identified and their various gray scale and Doppler interrogation characteristics are assessed for the risk of malignancy. The authors prefer to document all nodules more than 1 cm in diameter and smaller nodules with suspicious US features on a thyroid diagram representing their relative position within the gland. This gives better orientation for the referring clinician as well as the for the radiologist doing the biopsy, and makes future comparisons at follow-up US more reliable and practical. The neck is then screened for lymph nodes. Images of the nodules are stored in both axial and longitudinal planes and the diameter is recorded along all 3 axes, preferably on a single screen shot. Figure 2.Transverse grayscale mode image of a normal thyroid gland that is uniformly echogenic relative to overlying strap musculature (arrows) (a). In comparison, (b) shows a thyroid gland with heterogeneous parenchymal echotexture and diffuse enlargement consistent with thyroiditis. This patient had Graves disease.

Tissue harmonic imaging, three-dimensional US and compound imaging can add value to routine US evaluation^\[^[@B10]^\]^. In early studies, real-time US elastography has shown sensitivity of 88%, specificity of 90%, a positive predictive value of 81%, and a negative predictive value of 93% in differentiating benign from malignant nodules, independent of nodule size^\[^[@B11]^\]^. Contrast-enhanced US (CEUS) has shown differences in the enhancement pattern of benign and malignant nodules^\[^[@B12]^\]^. However, currently the use of CEUS is restricted to definition of the size and limits of necrotic zones after US-guided ablation procedures.

US characteristics of thyroid nodules: malignant versus benign
==============================================================

There is considerable overlap between the appearance of benign and malignant nodules and no single imaging feature can be considered pathognomonic. However, the simultaneous presence of 2 or more suspicious sonographic findings increases the risk of thyroid malignancy^\[^[@B13]^,^[@B14]^\]^. The following discussion comments on the relative value of the various US features of thyroid nodules in suspecting thyroid malignancy.

Calcifications
--------------

The patterns of calcifications seen in the thyroid are: microcalcifications, rim calcifications and coarse calcifications ([Figs. 3--6](#F3 F4 F5 F6){ref-type="fig"}). Compared with a non-calcified predominantly solid nodule, the presence of microcalcifications increases the cancer risk three-fold, and coarse macro-calcifications increase cancer risk two-fold^\[^[@B15]^\]^. As a single US feature, microcalcifications have the highest accuracy (76%), specificity (44--95%) and positive predictive value (77.9%) for detecting malignancy in a thyroid nodule. The major drawback is the low sensitivity (26.1--59.1%)^\[^[@B4]^,^[@B15]^\]^. In comparison, coarse calcifications are less specific for malignancy as they are more frequently seen in benign nodules of multinodular goitre than in malignancy ([Fig. 3](#F3){ref-type="fig"}). However, when macro-calcification is found in a solitary nodule, the risk of malignancy is as high as 75%^\[^[@B18]^\]^. The limitation of this US feature that needs to be kept in mind while interpreting images is the low sensitivity with coarse calcifications noted in 9.7% of malignant nodules compared with 3.8% of benign nodules^\[^[@B17]^\]^. Figure 3.This grayscale image of the left lobe of the thyroid along its long axis in a patient with multinodular goitre shows a nodule with coarse chunky calcification (arrow). At histology, this was found to be benign. However, coarse calcifications when present in a solitary nodule are highly suspicious for malignancy. Figure 4.These images show microcalcifications in various thyroid pathologies. Although one of the most specific US features of malignancy, microcalcifications may also be seen in benign conditions. (a) An enlarged heterogeneous thyroid gland with biopsy proven benign microcalcifications (arrow), in this patient with Hashimoto thyroiditis. (b) The long axis view of a well-defined, isoechoic left lobe thyroid nodule with hypoechoic rim shows a cluster of microcalcifications (arrow). At histology, this was diagnosed as a follicular adenoma. (c) The long axis view of the right lobe of the thyroid shows an ill-defined hypoechoic area with several microcalcifications at the cranial third (single arrow) and an irregular hypoechoic nodule with few microcalcifications at the lower third (double arrow). Surgery confirmed multifocal papillary thyroid carcinoma. Figure 5.An invasive papillary carcinoma. (a) The transverse grayscale image shows a hypoechoic nodule with irregular outlines infiltrating the overlying strap muscle. Both coarse and microcalcifications are seen in this nodule. At colour Doppler interrogation (b) there is chaotic vascularity in the entire nodule. Figure 6.Examples of eggshell calcifications. (a) A bulky thyroid gland in a patient with multinodular goitre shows a small nodule with partial rim calcification (arrow). (b) There is a well-defined hypoechoic solid nodule with eggshell calcification (arrow) within. This was a follicular adenoma at surgical excision.

Microcalcifications are seen at US as tiny hyperechoic foci of around 1 mm with or without acoustic shadowing or as simple fine acoustic shadows ([Fig. 4](#F4){ref-type="fig"}). Pathologically they correspond to clusters of psammoma bodies^\[^[@B16]^\]^. Traditionally a hallmark of papillary thyroid carcinoma (PTC), microcalcifications are also seen in benign lesions such as hyperplastic nodular goitre, Graves disease or lymphocytic thyroiditis. Inspissated colloid in benign thyroid lesions may mimic microcalcifications in thyroid malignancies, but the former can be distinguished from the latter if the comet tail or reverberation artefacts are appropriately demonstrated ([Fig. 7](#F7){ref-type="fig"}g)^\[^[@B19]^\]^. The person performing the US scan needs to give due attention to this technical aspect to avoid misinterpretation. Coarse calcification manifests as echogenic focus with posterior shadowing. It may appear as spicules, fragmented plates, or granular deposits. They represent dystrophic amorphous deposits of calcium in fibrous tissue or necrotic material. When seen in a solitary nodule, some groups recommend surgery, regardless of the result of fine-needle biopsy (FNB)^\[^[@B18]^\]^. Coarse calcifications may coexist with microcalcifications in papillary cancers, ([Fig. 5](#F5){ref-type="fig"}) but they are also the most common type of calcification seen in medullary thyroid carcinomas^\[^[@B20]^\]^. Eggshell-like rim calcification ([Fig. 6](#F6){ref-type="fig"}) is infrequently seen and it may be misinterpreted as calcified lymph nodes. Although formerly considered a feature of benignity, eggshell calcifications have been reported in thyroid cancers, mostly in papillary carcinoma and rarely in follicular carcinoma^\[^[@B21]^\]^. Figure 7.Various histology proven benign thyroid nodules. (a) An isoechoic and an echogenic nodule. The isoechoic nodule is seen better in the transverse section (TS) and the echogenic one in the longitudinal section (LS). Besides the echotexture that favours benignity in both these nodules, they also show a well-defined hypoechoic halo that strongly favours benignity. (b) This mixed echotexture solid nodule shows a discrete hypoechoic rim along its entire circumference. A complete uniform halo around a nodule is highly suggestive of benignity, with a specificity of 95%. (c) The well-defined nodule here shows an aggregation of innumerable tiny cystic spaces giving it a spongiform appearance. Such nodules are usually benign and do not need biopsy. (d) Here the isoechoic nodule has multiple cystic spaces occupying more than two-thirds of its volume with a well-defined hypoechoic halo. Such microcystic components in more than 50% of the nodule volume are 99.7% specific for identification of a benign nodule^\[^[@B6]^\]^. (e,f) Predominantly cystic and purely cystic thyroid nodules. Thyroid cancer is not common in predominantly cystic nodules and purely cystic nodules are almost never malignant. (g) This transverse image of the right thyroid lobe shows a cyst with multiple echogenic foci with posterior ring-down artefacts. This appearance is diagnostic of a colloid cyst.

Margins and shape
-----------------

Most thyroid nodules, both malignant and benign, have ovoid-to-round shape and a well-defined smooth margin. Iso- or hyperechoic nodules may show a hypoechoic halo representing a pseudocapsule of fibrous connective tissue or compressed thyroid tissue and vessels ([Fig. 7](#F7){ref-type="fig"}a). A complete, uniform halo around a nodule ([Fig. 7](#F7){ref-type="fig"}b) is highly suggestive of benignity, with a specificity of 95%^\[^[@B22]^\]^. Such a nodule is 12 times more likely to be benign than malignant. Even if the halo is incomplete, it is 4 times more likely to be benign^\[^[@B23]^\]^. However, 15--30% of malignant nodules may also show a halo limiting the utility of this sign^\[^[@B23]^\]^.

The nodule margins are described as well-defined regular, well-defined irregular or ill-defined^\[^[@B4]^\]^. Irregular margins ([Fig. 4](#F4){ref-type="fig"}b and [8](#F8){ref-type="fig"}) may be microlobulated or spiculated in appearance; in ill-defined nodules, the demarcation between the tumour and the surrounding normal glandular parenchyma is indistinct. The irregular spiculated or microlobulated margin is suggestive of malignancy; an ill-defined margin can be seen in both benign and malignant nodules^\[^[@B17]^\]^. There is considerable ambiguity in the interpretation of the nodule margin. The distinction between irregular and ill-defined margins is the subject of some debate. It has the highest interobserver variability among all the routinely evaluated sonographic features of thyroid nodule^\[^[@B24]^\]^. Some of this ambiguity may be unarguably attributed to the type of US probe used. With high-resolution probes, a previously described blurred margin could actually be a spiculated margin with sharp demarcation or a poorly defined margin where the tumour cannot be discriminated from the normal parenchyma. Despite the subjective variations in margin interpretation, an irregular margin is a useful marker of malignancy with high accuracy, specificity and positive predictive value of 73.4%, 83--91.8%, 60--81.3%, respectively^\[^[@B4]^,^[@B17]^,^[@B25]^\]^. The sensitivity is once again low at 48.3--55%^\[^[@B17]^,^[@B25]^\]^. As expected, in studies that defined lack of a smooth outline or halo as irregular margin, this parameter had lower positive predictive value (30%) and higher sensitivity (77.5%)^\[^[@B13]^,^[@B26]^\]^. Figure 8.Images from a patient with multifocal papillary thyroid carcinoma are shown here. (a) A malignant nodule in the right lobe; (b) another one in the left lobe. Both nodules show irregular spiculated outlines, are solid and hypoechoic with few microcalcifications. The nodule in (b) is taller than wide.

The centrifugal tendency in tumour growth does not necessarily occur at a uniform rate in all dimensions. Hence malignant nodules can be taller than they are wide ([Fig. 8](#F8){ref-type="fig"}b) Although this has only limited mention in the literature, with accuracy, specificity and sensitivity in the range of 67%, 92% and 40% respectively, it is another valuable marker for detecting the likelihood of malignancy in a thyroid nodule^\[^[@B17]^\]^.

Vascularity
-----------

Several imaging tools in oncology are based on assessment of the difference in vascular signatures between malignant and benign tumours. The early descriptions on the patterns of vascularity in thyroid nodules ([Fig. 9](#F9){ref-type="fig"}) as seen at US Doppler imaging, identified 3 forms: type I, complete absence of flow signal within the nodule; type II, exclusive perinodular flow signals; and type III, intranodular flow with multiple vascular poles chaotically arranged, with or without significant perinodular vessels^\[^[@B27]^\]^. Type III was considered highly suggestive of malignancy. However, since this original description from the early 1990s, US technology has developed immensely and newer machines allow blood flow imaging of vessels with very small diameter (\<100 µm) and slow flow rates of only a few millimetres per second. Hence, the current generation of scanners tend to show some degree of internal vascularity in most of the solid thyroid nodules, dissipating the initial enthusiasm with Doppler interrogation of thyroid lesions. Despite extensive overlap in the colour Doppler appearance of benign and malignant thyroid nodules, a predominantly peripheral flow pattern is considered as a feature of a benign nodule, and a malignant nodule tends to have a predominantly central chaotic blood flow. The specificity, sensitivity and positive predictive value of internal hypervascularity in detecting a malignant nodule is 81%, 74% and 24%, respectively^\[^[@B4]^,^[@B13]^\]^. Studies have shown that solid hypervascular thyroid nodules have a high likelihood of malignancy (nearly 42%)^\[^[@B28]^\]^. The assumption of a completely avascular nodule being very unlikely to be malignant is challenged by certain large series that failed to demonstrate vascularity in more than 20% of malignant nodules^\[^[@B13]^,^[@B20]^\]^. Figure 9.Patterns of vascularity in thyroid nodules. The nodule in (a) with markedly chaotic central and peripheral vascularity is suspicious for malignancy (also note the internal microcalcification); the peripheral vascularity in the isoechoic nodule in (b) is a feature of benignity. On greyscale imaging, the well-defined nodule in (c) with a hypoechoic halo and honeycomb appearance is almost certain to be a benign lesion. However, at colour Doppler imaging (d) the nodule shows both central and peripheral vascularity. The greyscale and colour Doppler imaging features of this nodule are contradictory. At biopsy, it was a benign nodule.

Echotexture
-----------

The texture of a nodule is a reflection of its internal architecture and contents. Nodules may be purely cystic ([Fig. 7](#F7){ref-type="fig"}f), purely solid, predominantly solid (\<50% cystic), predominantly cystic (\>50% cystic) ([Fig. 7](#F7){ref-type="fig"}e) or spongiform in appearance ([Fig. 7](#F7){ref-type="fig"}c).

Solid composition of a nodule is the US feature with highest sensitivity for malignancy (69.0--75.0%). However, it has a low positive predictive value in that a solid nodule has only a 15.6--27.0% chance of being malignant. The specificity is reasonable at 52--56%^\[^[@B15]^,^[@B28]^\]^. However, most benign nodules, as well as malignant nodules, are predominantly solid. Thus, in practice, it is not very useful for differentiating benign from malignant nodules.

Decrease in echogenicity increases the risk for malignancy. Most of the hyperechoic and isoechoic nodules are benign. The incidence of malignancy is only 4% among solid hyperechoic lesions; it increases to 26% for isoechoic lesions^\[^[@B23]^\]^. If the solid components of a nodule are hypoechoic to the strap muscles, it may be called markedly hypoechoic and if the echogenicity is just less than the surrounding parenchyma, it is considered hypoechoic. Malignant nodules, both carcinoma and lymphoma, typically appear solid and hypoechoic when compared with normal thyroid parenchyma. The specificity, positive predictive value and diagnostic accuracy of a markedly hypoechoic nodule for malignancy is around 92%, 68% and 71%, respectively. The sensitivity is again low in a range of 26--41%^\[^[@B4]^,^[@B17]^,^[@B25]^\]^. Approximately 30--55% of benign nodules are also hypoechoic^\[^[@B24]^,^[@B29]^\]^ thereby decreasing the usefulness of this US marker.

A pure cystic nodule, although rare (\<2% of all nodules), is highly unlikely to be malignant^\[^[@B30]^\]^. Nodules that are nearly completely cystic are usually benign nodules that have undergone cystic or haemorrhagic degeneration and are virtually never cancers^\[^[@B23]^\]^. Nevertheless, a cystic component may be seen in 13--26% of thyroid cancers and 6% of papillary carcinoma of the thyroid may be predominantly cystic^\[^[@B15]^,^[@B31]^\]^. A spongiform appearance in more than 50% of the nodule volume is 99.7% specific for benignity with a negative predictive value of 98.5% for malignancy^\[^[@B6]^\]^. Temporal evolution of the nodule echotexture from solid to cystic ([Fig. 10](#F10){ref-type="fig"}) as detected at serial imaging is also common among benign nodules. Figure 10.Temporal evolution of a benign thyroid nodule. (a) A solid nodule with few cystic spaces and hypoechoic halo is demonstrated in the longitudinal and transverse planes. (b) The follow-up US images of the same nodule obtained after 1 year shows an increase in the cystic degeneration of the nodule with a slight decrease in its size.

Size and multiplicity
---------------------

Nodule size is not predictive of malignancy^\[^[@B15]^\]^. In patients with a thyroid cancer and multiple thyroid nodules, the cancer is often unifocal but not always present in the largest nodule. Hence, cytologic sampling of lesions with suspicious US features rather than of a larger or clinically dominant nodule is recommended. Lack of any statistically significant relationship between nodule size and likelihood of thyroid cancer has been proven and the same holds true for multiplicity of nodules. In the presence of one or more thyroid nodules larger than 10 mm in diameter, the likelihood of thyroid cancer per patient is independent of the number of nodules^\[^[@B30]^\]^. The overall incidence of cancer in patients with thyroid nodules selected for fine-needle aspiration (FNA) is approximately 9.2--13.0%, no matter how many nodules are present at US^\[^[@B15]^\]^. This contradicts the commonly held belief that the presence of multiple nodules decreases the likelihood of thyroid cancer. In patients with multiple nodules, the cancer rate per nodule decreases, but the decrease is approximately proportional to the number of nodules so that the overall rate of cancer per patient is the same as that in patients with a solitary nodule.

Extrathyroid extension and lymph node metastasis
------------------------------------------------

Extrathyroid extension into the adjacent viscera and metastases to lymph nodes are highly specific signs of thyroid malignancy. At surgical pathology, extracapsular extension is seen in more than a third of thyroid cancers^\[^[@B13]^\]^. Extrathyroidal extension is a key risk factor for both lymph node and distant metastases. As a rule of thumb, papillary thyroid carcinoma (PTC) preferentially spreads to lymph nodes, follicular thyroid carcinoma (FTC) to distant organs, and medullary thyroid carcinoma (MTC) to both lymph nodes and distant organs. Fifty percent of PTC has nodal metastasis at presentation and in some 20% of cases nodal metastasis is the sole or initial manifestation^\[^[@B32]^,^[@B33]^\]^. Lymph node metastasis is also a risk factor for distant metastasis^\[^[@B34]^\]^.

US features suspicious for lymph node metastases ([Fig. 11](#F11){ref-type="fig"}) include loss of its reniform shape, increase in size, replacement of fatty hilum, irregular margins, heterogeneous echotexture or an echotexture replicating the thyroid gland, the presence of calcifications and cystic areas, and vascularity throughout the lymph node instead of normal central hilar vessels^\[^[@B23]^,^[@B35]^\]^. Nodal metastases are usually solid, but up to 40% tend to cavitate and some are entirely cystic ([Fig. 12](#F12){ref-type="fig"}). A cystic nodal metastasis from an occult primary in the thyroid can be misleading, especially if it is solitary, when it mimics benign lesions such as infected branchial cleft cyst^\[^[@B33]^\]^. In the authors\' practice, for every cystic nodal mass in the neck, metastasis from PTC is the first differential diagnosis. The next differential diagnosis to be considered in such a context, is oropharyngeal carcinoma associated with the human papilloma virus as they have a particular tendency to cause cystic changes in their lymph node metastasis^\[^[@B36]^\]^. Figure 11.Metastasis from papillary thyroid carcinoma into a right lateral neck node (arrow). Note the nodal echotexture that almost replicates the echotexture of the thyroid gland as well as the presence of microcalcifications within the node (CA, carotid artery). Figure 12.In these contrast-enhanced axial computed tomography images of the neck, there is a nodule (black arrow) in the left lobe of the thyroid (a) and a cystic structure (white arrow) in the lateral neck (b). At histology, the former was confirmed as papillary thyroid carcinoma of thyroid and the latter as cystic metastasis into a cervical lymph node.

FNB of thyroid nodules
======================

FNB is the most accurate and cost-effective method for evaluating thyroid nodules. Compared with surgery performed on the basis of clinical findings alone, FNB reduces the number of thyroidectomies by approximately 50%, roughly doubles the surgical confirmation of carcinoma, and reduces the overall cost of medical care by 25%^\[^[@B37]^\]^. FNB with US guidance is recommended over that guided by palpation^\[^[@B2]^,^[@B4]^,^[@B6]^,^[@B7]^,^[@B38]^,^[@B39]^\]^ for the following reasons: Around 20--48% of patients with one palpable thyroid nodule are found to have additional nodules on US investigation.The prevalence of cancer in palpable and non-palpable thyroid nodules is similar at 5.4--7.7% and 5.0--6.5%, respectively.The US characteristics that suggest malignancy are equally applicable to and identified in both palpable and non-palpable nodules.The false-negative rate with palpation-guided FNB (p-FNB) (1--3%) was higher than that with US-guided FNB (0.6%).US FNB also improves the cytologic diagnostic accuracy, sensitivity, and positive predictive value in comparison with p-FNB thereby decreasing the non-diagnostic yields.

Although FNB is currently the best test for the pre-operative evaluation of thyroid nodules, even in centres with substantial experience, the rate of non-diagnostic yield is as high as 15--20%^\[^[@B15]^\]^. Non-diagnostic specimens usually result from cystic nodules that yield few or no follicular cells, benign or malignant sclerotic lesions, nodules with a thick or calcified capsule, abscesses and hypervascular or necrotic lesions. After an initial non-diagnostic cytology result, repeat FNB with US guidance tends to yield a diagnostic cytology specimen in 75% of solid nodules and 50% of cystic nodules^\[^[@B40]^\]^. As the reported malignancy rate in an earlier non-diagnostic aspirate is 2--12%^\[^[@B4]^\]^, such biopsies must be repeated^\[^[@B6]^\]^ preferably with on-site cytologic evaluation. Despite good technique and repeated biopsy, at least 5% of nodules do not yield a diagnosis at FNB. Most non-diagnostic solid nodules are surgically excised, but some, on the basis of clearly favourable clinical and US findings, may be followed up with close clinical and US surveillance^\[^[@B6]^\]^.

Which nodule to biopsy?
-----------------------

In the presence of multiple nodules, it is often difficult to decide which nodule to biopsy. If the dominant nodule is biopsied, one-third of the malignancies would be missed^\[^[@B15]^\]^. Again, PTC can often be multifocal (up to 87%)^\[^[@B41]^\]^. Thus, FNB interrogation of the dominant nodule alone is clearly inadequate. Besides, no single sonographic feature can accurately predict malignancy, although some are better than others. The suggestions on thyroid nodule biopsy emerging from a consensus conference of the Society of Radiologists in Ultrasound^\[^[@B15]^\]^, a statement released by the American Thyroid Association^\[^[@B6]^\]^ and practice guidelines of the American Association of Clinical Endocrinologists, Associazione Medici Endocrinologi, and EuropeanThyroid Association^\[^[@B3]^\]^ are enumerated in [Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, respectively. Clearly, there is a lack of consensus between various scientific societies for those small nodules that are less than 1 cm but still have a similar risk of harbouring malignancy as larger ones. The problem is compounded by the fact that most of the thyroid nodules seen in the general population are less than 1 cm in size, and a significant number of individuals who die from other causes have thyroid cancers incidentally identified at autopsy that apparently did not adversely affect their health^\[^[@B1]^\]^. Now the question is whether early detection of a malignant nodule while it is less than 1 cm has any definite advantage on the survival or quality of life when compared with later detection after it has grown to more than 1 cm. Although FTCs that are \<2 cm in diameter have not been shown to be associated with metastatic disease^\[^[@B42]^\]^ even sub-centimetre PTCs (also called as papillary thyroid microcarcinoma (PTMC)) can have nodal as well as distant metastasis^\[^[@B43]^\]^. Despite PTMC being the most often encountered malignancy in sub-centimetre nodules and their potential for metastasis, cancer-related death reported in patients with PTMC is only 0.34%^\[^[@B43]^\]^. Interestingly, despite the increased prevalence of PTMC, and their aggressive management, thyroid cancer-related mortality has not shown any change over the years^\[^[@B44]^\]^. It has been reported that in patients with stage 1 DTC (i.e. any T, any N, M0 in patients less than 45 years of age and T1, N0, M0 in the rest of the age groups) none of the therapies such as total/near total thyroidectomy, radioactive iodine treatment and L-T~4~ suppressive therapy make any impact on the final outcome^\[^[@B45]^\]^. Not surprisingly, most PTMCs are stage 1 disease. In another study, Ito et al.^\[^[@B46]^\]^ compared clinical outcomes of 162 untreated patients with biopsy proven PTMC against 626 patients with the same initial tumour characteristics who were treated surgically. They concluded that papillary microcarcinomas do not frequently become clinically apparent, and that patients can choose observation while their tumours are not progressing, although they are pathologically multifocal and involve lymph nodes with high incidence. From such evidence of PTMC having a generally benign clinical course, the use of increasingly sophisticated diagnostic procedures and aggressive treatment may appear unnecessary; however, the scientific perception and patient perception on this matter seems to often differ^\[^[@B43]^\]^. Against such background information, in the opinion of the authors, a radiologist in practice would have to adopt a reasonable path taking cognizance of the concerns of the referring clinician and the patient, instead of stubbornly adhering to nodule size cut off or indiscriminately needling every visible nodule. Knowledge of the various US characteristics and their specificity and accuracy to detect malignancy should guide such judgement call. In our experience, FNB of more than 3--4 nodules is generally not very agreeable to any patient. Hence, for sub-centimetre nodules FNB may be attempted only in the presence of strong US suspicion for malignancy. In the presence of multiple nodules \>1 cm, the American Thyroid Association recommendation of preferentially needling those with suspicious US features and if none of them have suspicious features needling the largest is a reasonable common sense approach. Although the American Association of Clinical Endocrinologists guidelines emphasize sonographic characteristics rather than nodule size and challenge the wisdom of only needling nodules more than 1 cm, when they state that \'it is rarely necessary to biopsy more than 2 nodules when they are selected on the basis of previously described (US) criteria\' it is understood that even they do not suggest indiscriminate sampling of innumerable nodules. An appropriate interpretation of the various guidelines with individual discretion is essential. Table 1.Recommendations on thyroid nodule biopsy based on the Society of Radiologists: Ultrasound Consensus Conference Statement^\[^[@B15]^\]^Management recommendations for thyroid nodules 1 cm or larger in diameter**Solitary nodule**MicrocalcificationsStrongly consider US-guided FNA if \>1 cmSolid or coarse calcificationStrongly consider US-guided FNA if \>1.5 cmMixed cystic and solid or almost entirely cystic with solid mural componentConsider US-guided FNA if \>2 cmNone of the above but substantial growth since prior USConsider US-guided FNAAlmost completely cystic and without significant growth or features aboveUS-guided FNA probably not necessary**Multiple nodules**Consider US-guided FNA of one or more nodules, prioritizing selection based on criteria for solid nodules in order listed above Table 2.Recommendations on thyroid nodule biopsy based on revised American Thyroid Association management guidelines for patients with thyroid nodules and differentiated thyroid cancer^\[^[@B6]^\]^Nodule: sonographic feature or clinical featureRecommended threshold size of nodule for FNA cytologyHigh-risk history    Nodule WITH suspicious sonographic features\>5 mm    Nodule WITHOUT suspicious sonographic features\>5 mm    Abnormal cervical lymph nodesAll    Microcalcifications present in nodule≥1 cmSolid nodule    AND hypoechoic\>1 cm    AND iso- or hyperechoic\>1--1.5 cmMixed cystic--solid nodule    WITH any suspicious US features\>1.5--2 cm    WITHOUT suspicious US features\>2 cmSpongiform nodule\>2 cmPurely cystic noduleNot indicated Table 3.Recommendations on thyroid nodule biopsy based on the American Association of Clinical Endocrinologists, Associazione Medici Endocrinologi, and EuropeanThyroid Association medical guidelines for clinical practice for the diagnosis and management of thyroid nodules^\[^[@B3]^\]^FNB is recommended for nodule/nodules    Of diameter larger than 1.0 cm that is solid and hypoechoic on US    Of any size with US findings suggestive of extracapsular growth or metastatic cervical lymph nodes    Of any size with a patient history of neck irradiation in childhood or adolescence; PTC, MTC, or MEN 2 in first-degree relatives; previous thyroid surgery for cancer; increased calcitonin levels in the absence of interfering factors    Of diameter smaller than 10 mm along with US findings associated with malignancy; the coexistence of 2 or more suspicious US criteria greatly increases the risk of thyroid cancerFNB is not recommended for nodule/nodules hot on scintigraphyFor solid cystic nodules, FNA the solid areas and aspirate cystic areas for cytologyIn the presence of suspicious lymph nodes, FNA the node as well as the thyroid nodule

Technique of needle biopsy
--------------------------

Placement of a needle(s) into a suspected abnormal lesion or organ for the purpose of obtaining tissue or cells for diagnosis is defined as percutaneous needle biopsy (PNB). PNB done with the use of a thin, hollow needle (22 gauge and smaller) is called as FNB. As details of the technique are well described in the literature^\[^[@B4]^,^[@B47]^\]^, we only allude to certain issues that are infrequently addressed. A pre-procedure evaluation of coagulation profile is not routinely required. Patients receiving warfarin anticoagulation or with known or suspected liver disease should have their international normalized ratio measured and corrected if more than 2. For patients on heparin, activated partial thromboplastin time needs to be monitored and preferably kept below 1.5 times the normal. Platelet count is not routinely required and aspirin as well as plavix need not be stopped before a thyroid FNB. If platelets are known to be below 50,000/mm^3^, then transfusion is required. For patients on low molecular weight heparin, at least one dose before the procedure should be stopped^\[^[@B48]^\]^. When obtaining consent, one should not forget to inform the patient of the possibility of a non-diagnostic aspiration (up to 20%) that may even mandate a repeat procedure. In our practice, patient tolerance and comfort during the procedure is much improved by the use of local anaesthetic. We recommend the use of a 27 G needle for subcutaneous injection of local anaesthetic. A 23 G needle is routinely used for the needle biopsy. Thinner needles 25 G may be useful in highly vascular nodules that tend to give a haemorrhagic sample. A thicker 18/19 G needle may be required to aspirate thick colloid material. FNB of the thyroid nodules may be done with aspiration or non-aspiration techniques. The former involves moving the needle back and forth within the lesion with gentle suction using a syringe attached to its hub and as the material starts appearing at the hub, the suction is released and the needle removed. The non-aspiration technique depends on obtaining the aspirate through capillary action. When performed under US guidance, the sample adequacy and diagnostic yield of both techniques are comparable^\[^[@B49]^\]^. The non-aspiration technique may be preferentially used if repeated haemorrhagic aspirates are being obtained. Availability of an on-site cytotechnician greatly improves the outcome of the thyroid biopsy although it may be a logistic constraint in several set ups.

Conclusion
==========

Thyroid nodules are extremely common and most are benign, which makes the detection of a malignant nodule an onerous task. The presence of calcifications (microcalcifications are more specific), an irregular spiculated outline with no halo, hypoechogenicity in a solid nodule, chaotic intranodular vascularity, a taller than wide shape, cervical lymph node metastasis and extracapsular extension of a thyroid nodule are the more specific US features of malignancy. However, their value is limited by their low sensitivity for detecting malignancy. A radiologist is expected to use such knowledge in the risk stratification of thyroid nodules and biopsy the most appropriate ones.
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